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NOTES ON PTERODACTYLS.
By E. T. NEWTON, F.G S.
The first discovery of a Pterodactyl seems to have been made a
little more than a hundred years ago, for the earliest record which
we have is that by Collini in the year 1784,* when he described
the remains of an "unknown marine animal" from the Litho-
graphic Slates. To this specimen Cuvier, in the year 1809, t gave
the generic name of Pterodactqlus ; and Sommerring, in 1812,~
called it Ornithocephalus antiquus. Cuvier, in 1824, however, re-
named it Pterodactulus longil'ostl'is,§ and this name has since been
very generally used, although Sommerring's specific name of'
antiquus, having priority, must be adopted.
The most remarkable peculiarity of this fossil, which may be
t nksn as the type of all Pterodactyls, is seen in the structure of the
hand; the outer digit being formed by four enormously elongated
phalanges, and these, as we now know, supporting an expansion of
the integument resembling the patagium of a bat; hence it is not
surprising to find that some writers have thought the Pterodactyls
near allies of those aberrant mammals. (See figs. 8 and 9.)
The skull of the Pterodactyl has a very bird-like appearance,
although its intimate structure more resembles that of a lizard,
The possession of' teeth, which at one time was thought to be an
unbird-like character, we now know to be also distinctive of the
American Cretaceous birds . Upon the sides of the Pterodacty I
skull three vacuities are to be seen, namely, the orbit, the nasal
aperture, and, between these, a third, which is known as the pre-
orbital fossa.
Since the beginning of the present century many works on
Pterodactyls have been published, and one may notice, as perhaps
the most important among them, Prof. Hermann von Meyer's
'Reptilien aus dem Lithographischen Schiefer,' forming part of
his classical' Fauna del' Vorwelt ;' Sir Richard Owen's numerous
contributions, chiefly published in the Paleeontographical Society's
volumes; and Prof. H. G. Seeley's writings, more especially his
* 'Acta Acad. Theod. Patat.,' Vol. v, p. 58.
t •Ann. d. Mus.,' Vol. xiii, p.424.
::: • Denkschr. k. bayr. Ak, Munchen,' Vol. iii, p. 126.
§ 'Ossm. Foss.,' ed. 3, Vol. v, Pt. ii, p. ::l.~9.
Fig. 1. Pterodactylw. Fig. 2. Cycnorhamphus. Fig. 3. Bcaphognathw. Fig. 4. Pteno-
dracon . Fig. 5. Pteranodon. Fig. 6. Rhamphorhynehus. Fig. 7. Dimorphodon.
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'Ornithosauria,' in which is given a good bibliography. Prof.
Zittel's' Ueber Flngsanrier aus dem Lithographischen Schiefer
Bayerns '* and Prof. Marsh's descriptions of the American Ptero-
dactyls t may also be noticed as being among the latest contribu-
tions to the history of Ornithosauria, No less than twenty-seven
generic names have been given to Pterodactyls, and these have in-
cluded a large number of species; but fortunately the work of
reduction has already begun, and only fourteen genera with eighty-
six species are now acknowledged, and many of these rest on very
slight foundations.
It is proposed in the following pages to notice briefly each of
these genera, and to point out some of the characters by which they
are distinguished; but before doing so I desire to acknowledge my
indebtedness to Mr. R. Lydekker, who has most courteously
allowed me to see the proof sheets of his' Catalogue of the Fossil
Reptiles in the British Museum,' and from this I have derived mnch
assistance in putting together these notes.
PTERODACTYLUS (Cuvier, 18(9). (Fig. 1.) The Pterodaetsjln«
omtiquus above referred to may be taken as the type of this genus,
which is distinguished by the following characters : - The three
lateral apertures of the head are only partially separated from each
other by bone. The jaws are toothed to their anterior extremities.
The head is elongated. The neck is long. The tail short. Hind legs
long. Ilium narrow, extending far in front of acetabulum ; ischium
extending behind the acetabulum; pubic bone short, rounded, and
without a bony symphysis. (See figs. 8 and 9.)
Pterodactqlus has been chiefly found in the Lithographic Slates
of Germany j but P. liassicus has been recorded from the Keuper
and Upper Lias of Germany, and other species from the Lias,
Wealden, and Kimeridge Clay of Britain.
The species of Pterodactylus are mostly small or of moderate
size, varying from, perhaps, the size of a blackbird to that of a
goose, some of the smaller ones having a head a little less than two
inches long and an expanse of wing about 16 inches j while one of
the large species had a head eight inches long, and, if the wings
were in proportion, they must have extended at least 60 inches.
CYCNORHAMPHUS (Seeley, 1870). (Fig. 2.) In the year 1854 Prof.
* 'Palreontographiea,' Vol. xxix, p. 4Jl, 1882.
t 'Amer. Journ. Sei.,' 1871-84.
E. T. NEWTON ON PTERODACTYLS. 409
Quenstedt* made known the occurrence of a Pterodactyl in Wiirtem-
berg, which he alluded to as the first Pterodactqlus WU1·ttem-
berqicus, and subsequently named Pterodactqlus suevicus,t the
uame P. Wiirttemberqicus, as he explainod.j not being used by him
FIG. 8. Pterodactolus anbiquu«, from the Lithographic 8late, Bnvnrin.
About half natural size. a, humerus; b, radius and ulna; e, carpus; d,
metacarpus; "', clawed digits; j, g, h, i, phalangeals of ulnar digits; k , rib;
l, femur; s, tibia; t, tarsus; m, metatarsals; t, phnlungeals of pes. (This
and the following figures are taken from the' Catalogue of Fossil Reptilia
in the British Museum,' 1888, by kind permission of the Trustees.)
specifically, but merely to indicate that it was the first Pterodactyl
found ill vViirtemberg. The skull of this specimen was somewhat
crushed, and apparently on accouut of this two apertures were
visible on the nppar and front part of the beak, which were
thought to be nasal apertures, and, if this interpretation were cor-
rect, made the skull quite unlike any other Ornithosaurian.
Prof. Seeley, chiefly because of this supposed difference in the
position of the nasal apertures, proposed to place the species in a
* 'Neues Jahrb.,' 1854, p. 570.
t 'Uebel' Pterodaotulu« 8uet'icll.~ in Lithog. Schief, Tubingen, 1855.
r 'Del' Jura,' p. 812, 1858.
4LO E. T. NEWTON ON PTERODACTYLS.
distinct genus, which he named Oycn01·hamphus,· and gave as its
chief characters-" Nares very small, and looking upwards from a
swan like beak. Middle hole of the skullvery large and elongated,
and lateral. Neck long. Wing-metacarpal long. Foul' joints
in the wing-finger. Ilium widening in front. Epipubic bones
(pubes) meeting mesially." An examination of the figures given
FIG. 9.-Pterodactylus spectabilis, from Lithographic Slate, Bavaria.
Natural size. a, left pubis (prepubis); on the opposite side the ilium is
exposed.
by Prof. Quenstedt, and of another specimen more recently described
by Dr. Fraas,t leads me to think that the skull of P. sueviCU8 is
formed on precisely the same plan as in other species referred to
* 'Ornithosauria,' p. 111, 1870.
t •Paheoutographlca,' Vol. xxv, p. 163, 1878.
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the genus Pterodactplus : that the openings on the upper part
of the snout are due to the crushing, which has opened the suture
at the side of the premaxillary process; and that the large anterior
portion of the side opening is really the nasal opening, which is not
altogether separated from the pre-orbital fossa, although processes
from the frontal region indicate the boundaries between the three
apertures.
Mr. R. Lydekker, in his' Catalogue of Fossil Reptiles,' has kept
C.1Jcnorhamphu8 distinct from Pterodactylue, believing that other
characters of the skeleton justify its separation; but its generic
distinctness seems to me doubtful.
This genus, which contains but one species, C. suevicus, is only
known from the Lithographic Slates.
The length of the head is about six inches in the original speci-
men, and about nine inches in that described by Dr. Fraas.
PTENODRACON (Lydekker, 1888). (Fig. 4.) This name is pro-
posed by Mr. R. Lydekker " for the small Pterodactyl first specifi-
cally named by Sommerring breoirostris, and placed by him in his
genus Ornithocephalus.r By most other writers, however, this in-
teresting little form has been called Pterodactqlus. Prof. Seeley,
thinking it desirable to keep the species generically distinct, pro-
posed to retain Sommerring's genus for it alone j but Prof. Zittel t
has shown that the name Ornithocephalus cannot be thus used, and
Mr. Lydekker has therefore introduced the name of Ptenodracon,
suggesting that P. Meyel'i should be included in the same genus
with P. breoirosiris,
Ptenodracou has a short skull, and its muzzle is not produced
into a rostrum. Judging from the figures given by Sommerring,§
Cuvier.] and Goldfuss'[ the nasal aperture is separated by bone
from the pre-orbital fossa; but both these apertures are small,
more especially the latter. The neck is short,
This is the smallest Pterodactyl known, being about the
size of a sparrow, the head measuring little more than an inch in
length. It is only known from the Lithographic Slate.
SCAPHOGNATHUS (Wagner, 1861). (Fig 3.) Ptel'odart!Jlus crassi-
* 'Catalogue of the Fossil Reptiles in the British Museum,' p, 4.
t 'Denkschr. k. bayr, Ak, Munchen,' Vol. vi, p. 89, 1816·17.
t 'Palreontographica,' Vol. xxix, p, 80, 1882.
§ Loc. cit.
II • OSBID. FOBS.,' ed. 3. Vol. v, Pt.. ii, Pl. 23, Fig. 7.
~ 'Nova Acta Leap. Ak.,' Vol. X\', Pt. i, 1831.
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rostris from the Lithographic Slate is the type of this genus, and
till quite recently, was the only known species. It was described
and figured by Dr. Goldfuss in the year 1831,· and the excellent
restoration was reproduced by Dr. Buckland in his 'Bridgewater
Treatise' in 1836; indeed, on account of the perfection of the speci-
men, and in part, perhaps, because of the beautiful figures and
restorations of it which were published, it has often been reproduced
and taken as the type of Pterodactyl structure. The five digits to
the hand represented by Dr. Goldfuss are now known to be incor-
rect, there being only four digits, three with claws and the
long outer one which supported the patagium. This specimen
differs in several ways from the true Pteroductulus, and
most writers have agreed as to the propriety of placing it in a
separate genus. In 1843 Prof. Fitzinger t proposed to call the
genus Pachsjrhamphus, and Prof. Seeley adopted this name in
1870 ; ~ but as the same name had been used by Dr. Gray in 1840
for a genus of birds, it could not be retained for the Pterodactyl.
In ] 852 Dr. Giebel § used the name of Brachqtrachelus, but this
also, wa; preoccupied by a genus of Coleoptera. It was not until
theyear 1861 that Dr. Wagner II proposed the name of Scapha-
gllathus, which is the generic term now to be adopted for Goldfuss'
P. crassirostris, (See fig. 10.)
Scaphoqnathus is characterized by its massive skull, which has
the three lateral apertures of moderate size, and completely
separated by bony hal'S, the nasal opening being the smallest and
the orbit the largest of the three: the teeth extend to the ends of
the jaws, and are subequal in size: the neck is short and thick;
and the tail is unknown.
It may perhaps Le well to call attention to another example of
Scaplwgnathus, representing a new species, which has recently been
described, 'if because it throws additional light on the structure
of the skull of this genus in particular, and on that of the
Pterosauria in general. The specimen was obtained by the Rev.
D. W. Pnrdon, of Wolverhampton, from the Upper Lias of Loft-
* 'Nova Acta Leop. Ak.,' Vol. xv, Pt. i, p. 63.
t 'Systema Reptilinm,' p. 35.
~ "Ornithcsauria,' p. 111.
§ •Allgemeine Paleeontologis,' p. 231.
II 'Sitz. k. bayr, Ak. Miinchen,' Vol. i, p. 519.
, 'Royal Soc. Proc.' Vol. 43, p.436 (1888).
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house, near Whitby. It is about five-and-a-half inches long,
but has lost, perhaps, two inches of the front of the snout. The
various bones of the skull are better shown than in any Ptero-
saurian hitherto discovered. The base is remarkable for its great
depth and flattening from before backwards, as well as for the pair
of long basi-pterygoid processes, which pass down to the inner
angle of the large quadrate. The palatine and pterygoid bones
are united into one bar, and anteriorly this forms the hinder
FIG. lO.-Scapkognatkus crassirostris, from the Lithographic Slate,
Bavaria. One-third natural size. This figure is somewhat restored.
boundary of the internal nostril, which is completely surrounded
by bone, and placed far forwards. The back of the skull exhibits
a pair of wing-like par-occipital processes closely resembling those
found in some lizards, and, indeed, the structure of the entire skull
closely resembles that of a lizard.
By carefully cutting away the frontal and parietal regions of the
left side, a cast of one-half of the brain 11l1s been exposed, and this
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proves to be very small in proportion to the skull. In this par-
ticular, therefore, it resembles the brain of a reptile; but in its
structure it shows a greater affinity to that of birds. The cerebral
lobe is oval in shape, and directly behind it, on the side of the
brain, there is a large optic lobe, which, although extending to the
upper surface, does not meet its fellow of the opposite side, as is
the case in all reptiles, but seems to have been separated from it by
the forward extension of the cerebellum, in a manner similar to
that which occurs in birds. The peculiar lobe of nervous matter
found at the side of the medulla in birds, and known as the
flocculus, is present in this Pterodactyl, but does not occur in
reptiles. The American toothed-bird, Hesperornie, had a brain very
closely resembling that of the Pterodactyl, although proportionately
rather larger.
This Yorkshire fossil gives us some information as to the auditory
organ of the Pterosauria. In close relation to the flocculus, por-
tions of three semicircular canals have been uncovered which agree
so closely in position with the bony semicircular canals of the bird's
auditory apparatus, that there can be no doubt as to their having
been of a similar nature. The fenestra ovalis has been found
similarly placed to that of the chameleon; and this fact, together
with the form and position of the quadrate bone, leads to the con-
clusion that, like the chameleon, this Pterodactyl had no ear
drum.
Scaphoqnathus is at present represented by two species, S. eras-
sirostris, Goldfuss, from the Lithographic Slates of Bavaria, and
S. Purdoni, Newton, from the Upper Lias of Lofthouse, near
·Whitby. The skull of the first specimen measures about fin inches
ill length, that of the second about 7'5 inches; and, judging from
other Pterodacty Is, the expanse of wings would probably be in the
first nearly three feet, and in the second perhaps four feet.
DIMORPHODON (Owen, 1858). (Fig. 7.) Pterodactyl remains from
the Lower Lias of Lyme Regis were described by Dr. Buckland ill
1829 * as Pterodactplus llWC1'OflYX; but it was not until the year
1858 that parts of the skull were made known by Sir R. Owen.]
and named generically Dimorphodon. In 1870 a stillmore perfect
* 'Proc. Geo!. Soc.,' Feb. 6, 1829.
t 'Brit. .Assoc. Rep. for 1858,' p. 97 (1859), and' Phil. Trans.,' Vo!. 149,
}-'. 161 (1859).
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specimen was described by the same author in his 'Reptiles of
the Lias Formations.' '*
This genus is characterized by having the front teeth in both
jaws large, and extending to their anterior extremities; but in the
mandible the hinder teeth are very small. The lateral apertures
of the skull are very large, and distinctly separated by slender
bony bars. The tail is long and stiff, and the hind limbs are
long. Length of head nearly nine inches, and the stretch of
wings perhaps 70 inches. (See fig. ] 1.)
Dimorphodon is represented by but one species, and is only
known from the Lias of Lyme Regis.
FIG. ll.-Dimorphodon macronc«, from the Lower Lias, Lyme Regis.
One-seventh natural size. Restored.
RHAMPHORHYNCHUil (H. v, Meyer, 1846). (Fig. 6.) Prof. H. v ,
Meyer t proposed this name for certain Pterodactyls from the
Lithographic Slate having the extremities of the jaws devoid of
teeth, and probably, when alive, covered with a horny sheath. In
addition to this the teeth are all directed obliquely forwards, and
the three lateral apertures of the skull are separated by bony bars,
the nasal aperture being of moderate size, and the pre-orbital fossa
small. The scapula and coracoid seem to be united. The tail is
long and stiff, being supported by a number of bony splints, or
ossified tendons. The hind limbs are short: the pubes are narrow,
elongated, and bent, uniting in a bony symphysis: the ischium is
*' Paleeont, Soc. Vol. for 1869.
t . Palecontographica,' Vol. i,
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ankylosod to the ilium; and the sacrum has from three to five
vertebrse. (See fig. 12.)
The length of the skull in different species varies from some-
what less than two inches to rather more than eight inches, and this
FIG. 12.-11kampkorkyncaus :b-fiinsteri. Restored (after Marsh).
probably indicates a stretch of wings of from one foot to perhaps
four feet.
RUAMPHOOEPHALUS (Seeley, 1880). So far back as the year
1832, Prof. H. v, Meyer * named certain Pterodacty I remains from
the Stonesfield Slate Pterodactqlus Bucklandi, and in 1859 Prof.
Huxley ] described additional specimens which he referred to the
genus Rhamphorhimchus, distinguishing two species; one the
R. Bucklandi of V. Meyer, the other a new form, for which he
suggested the name R. depressirostris, Prof. Seeley, in 1880, t
described part of a skull which he named R. Prestuiichi, and
proposed to include all the Stonesfield Slate Pterodactyls in a new
genus, Rhamphocephalus, which he distinguished from Iihampho-
l'hynchus by the great length of the skull behind the orbits, and its
constriction between the orbits. The anterior mandibular teeth
are larger than the posterior, and are directed nearly vertically.
The scapula and coracoid are united. The skull of .iL. Prestioichi
was about four and a half inches long.
This genus, as at present understood, includes all the Stonesfield
Slate Pterodactyls, and one from the Great Oolite of Sarsden.
DORYGNATHUS (Wagner, 1861). In the year 1830 some
* 'PalreoJogica,' p. 117.
t 'Quart. Journ. GeoJ. Soc.,' Vol. xv, p. 658.
t 'Quart. Journ. Geol. Soc.,' Vol. xxxvi, p. 27
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portions of a Pterodactyl were described by Tbeodori s from the
Upper Lias of Banz , near Boll , as Omithocephalus Banthensis ; and,
before th e skull of P terodactsjlus macronptc; Buckland (now D imor-
phodon) , was known, Prof. H. v. :Yleyert referred the Banz specimen
to Buckland's species, callin g both Pterodactplus macronqx, The
jaws from Banz were kn own to have edentulous terminations, and
consequently, when the genus Rhamphorhpnchus was established,
Theodori referred his P. macronq» to it.:j: When the skull of
Dimorphodon macronqx was described by Sir R. Owen§ it was
obviously differcnt from Theodori 's specimen, and deserving of
generic distinction. Dr. Wagner, in 1860,11 pr oposed for the Banz
specimen the name Doruqnathus, which, he said, differed from
Rhamph01'hynchus in having the under part of the front of the lower
jaw forming a wing-like expansion. The scapula and coracoid
seem to have been united. Th e length of the skull was probably
about six inches, the lower jaw measuring somewhat more than
five inches.
Don/gnathuB is only represented by the one species and that is
from the Upper Lias of Banz.
ORNITHOCHEIRUS (Seeley, 1869). Dr. Mantell, in th e year
1827,' described some fossil bones from the Wealden of Hastings
as parts of a bird, and in 1841 U named them Palaornis Cliftii,
Sir Richard Owen, in 1840,tt described souie bones from the Chalk
of Kent as those of a bird all ied tot he albatro ss, and in 1846:j::j: he
named them Cimoliornie diomedeus. Afterward s he showed that VI'.
Mantell's specimen from the Wealden§ § and his own specimens from
th e Chalk /III were really remains of Pteroda ctyl s, Prof.'Seeley, in
1870, proposed to use the new generic term of Orn iihocheirus for
the numerous Pterodactyl remains which had been fonnd in the
Cambridge Greensand. All the remains of thes e creatures which
have been obtained from British Cretaceous Rocks are very frag-
" f Frorieps Notizen,' No. 623 .
t . Nova Acta Leap. Ak.,' Vol. xv, Pt. ii, P: 198,1831.
: f Bericht d. naturf. Vereins in Bamb erg,' 1852, p. 17.
§ f Brit. Assoc. Rep. for 1858,' P- 97, and' Phil. Trans., ' Vel. 149, p.
161 1859.
II 'Sitz. k. bayr. Ak, Munchen,' 1860, p. 48, and 1861, p. 520.
~r .Fossils of Tilgate,' p. 81.
** f Medals of Creation,' p. 806.
tt •Trans. Geol. Soc.,' Ser. ii, Vol. vi, p. 411.
H 'Brit. Foss. Ma-m. and Birds,' p. 545.
§§ ' Quar t. Journ, Geol. Soe.,' Vol. ii, p. 96, 1846.
1111 'ProD. Zool. Soo.,' 1851, p. 28.
VOL. X" No.8. 31
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mentary, and Mr. R. Lydekker proposes, and I th ink wisely, to
include them for th e present in one genus- P rof. Seeley's (h -nitho-
cheirus - the earlier names of P alCIJo1'11is and Cimoliornis being
inappropriate. On account of the fragment ary condition of the
specimens the characters of the genus are not very satisfactory,
but the following have been givcn as distinctiv e :-1'he teeth of
the upper jaw are prolonged anterior to the muzzle : the palate
has a longitudinal ridge, and th e symphysis of the lower jaw a
corr esponding groove. The skull may be short or produced int o
a long rostrum. Some species are thought to have only three
digits to the manus, and some, at least , appear to have had a long
tail. The sacrum consists of not fewer than three vertebrse,
The genus Orni thocheirus as now const ituted includes many
species, but the imperfection of the specimens makes it probable
that the number will have to be reduced. On the other hand, it
seems likely that the acquisition of better examples will show th e
necessity of again increasing the number of genera.
Some of th e Cretaceous forms were th e largest repr esenta tives
of the Ornithosauria on this side of th e Atlantic. (h -nithocheirus
Cuvieri probably had an expanse of wings of not less than 18 feet .
Species of Omithoeheirus are known in Britain from the Purbecks
to the Upper Chalk inclusive, and O. compreeeirostris, which has II.
wide range in England, has been recorded by Prof. H. v. Meyer from
the Portland Beds of Solothum.
ORNITHOSTOMA (Seeley, 1871). Prof. Seeley proposed this
name provisionally in 1871 '*' for three portions of Pterodactyl
snouts from the Cambridge Greensand which" appear to be entirely
desti tu te of teeth ." If thi s character should prove to be correct,
then the relation of this genus to the toothless Pteranodon of North
America will become a matter of much interest, and should the
forms on th e two sides of the Atl antic be shown to be generically
identical, Prof. Seeley's name will have the priority. As it is th e
propriety of separating these fragments of snouts from Ornitho-
cheirus is somewhat doubtful.
DERMODACTYLUS (Marsh, 1881). Prof. Mar sh, in the year
1878,t made known th e occurrence of a Pterodactyl in the Jurassic
Beds of Wyoming, naming it Pterodactqlus montana», but after-
* •Ann. "lag. Nat. Hist,' Ser. iv, Vol. vii, p. 35, note.
t ' Amer. Journ, Sci. ,' Ser, iii, Vol. xv i, p.233.
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wards gave it the new generic title of Del'modactylus.* The
remains of this form which have been found are too fragmentary
to give any very definite characters, but it seems that the walls of
the bones are thicker than is usual in Pterodactyls: the scapula
and coracoid do not appear to have been ankylosed : the vertebrre
are procoalous j and the teeth are elongated and rounder than in most
Pterodactyls. Prof. Marsh says: "The genus represented by these
remains appears to be distinct from Pterodactqlue, and may be
termed Dermodactsjlus. The only known species will hence be
Dermodactulus montanus:" This is the only Pterodactyl known in
the Jurassic Rocks of America.
PTERANODON (Marsh, 1876). (Figs. 5 and 13.) The first notice
of the occurrence of Pterodactyls in America was made by Prof.
Marsh in 1871,t when he called attention to some large bones from
the Cretaceous Rocks of Kansas, which be named Pterodactqlus
Ouieni, but as this specific name had already been used for a Ptero-
dactyl by Prof. Seeley it was changed in 1872 t to P. occidentalis.
Several species from the same horizon have since been described
by the same author, and in 1876 § he estahlished the genus
Pteranodon for their reception. Prof. Marsh states that the
remains of more than 600 individuals have been found, most of
them representing gigantic species.]
"""S
FIG. l3.-Pte,"anodon lonqiceps. Skull one-twelfth natural size. From
the Cretaceous Rocks of Kansas.
The skull is characterized by the complete absence of teeth, and
the nasal and ant-orbital fossa' are said to be completely confluent.
[N.B.-The ant-orbital fossa is very small in Ptenodracon and
Rhamphorhqnchus, and it seems just possible that in Pteranodon it
has become altogether obliterated.] The occipital region forms an
enormous crest, and the jaws appear to have been entirely covered
by a bony sheath. The scapula and coracoid are ankylosed, and
" Amer. Journ. Sci., Ser. iii, Vol. xxi, p. 342, 1881.
t ius; Vol. i, p. 472.
t ius., Vol. iii, p. 241.
§ ua; Vol. xi, p. 507.
II ius; Vol. xxvii, p. 423, and' Geol. :Mag.,' Dec. 3, Vol. i, p. 346, 1884.
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the distal end of the former has an oblique surface for articulation
with the neural spine. The ilia are elongated, the acetabulum is
imperforate, the ischia are broad and meeting on the middle line, the
tail is short and slender, and the hind limbs are well developed.
Pteranodon is only known from the Cretaceous Rocks of Kansas.
One species was comparatively small, having a spread of wings
of about three feet, while another, P. ingens, had a skull four feet
long, and must have measured about twenty-five feet across the
outspread wings.
NYCl'ODACTYLUS (Marsh, 1881). Prof. Marsh, in 1876,·
described as a species of Pteranodon some Pterodactyl remains
from the Cretaceous Rocks of Kansas under the name of P.
gracilis, but afterwards,t as it showed important differences of
structure, proposed for it a new generic title, Nyctosaul'us. This
name, however, was pre-occupied and that of Nyctodactylus was
substituted for it in 1881.t
Nyctodactylus is closely allied to Pteranodon, but is distin-
guished by having the coracoid distinct from the scapula, and the
distal end of the latter has no surface for articulation with the
neural spines.
The genus is only represented by one species, and is only known
from the Cretaceous Rocks of Kansas. It was of moderate size,
its wings extending to about eight or ten feet.
ORNITHOPTERUS (v. Meyer, 1838). Prof. H. von Meyer
in 1837§ noticed some wing bones from the Lithographic Slate
which he referred to Pterodactplus ; but afterwards, on account of
the resemblance which the specimen bore to the wing-bones of a
bird, he placed it in a new genus and called it Ornithopterus
Laoateri. II This specimen presented the peculiarity of having
only two joints to the wing finger instead of four as appears to be
the number in all other Ornithosauria.
No additional examples have been found to throw further light
upon the structure of this form, and Prof. Huxley says ;~ " I am
much inclined to suspect that the fossil upon which the genus
Ornithopterus has been founded appertains to a true bird."
* Ibid., Ser, iii, Vol. xi, p. 508.
t ius; Vol. xii, p. 479, 1876.
:t: Ibid., Vol. xxi, p. 342.
§ 'Neups Jahrb.,' 1837, p. 558.
II 'Nenes Jahl'b.,' 1838, p. 668.
'If 'Anatomy of Vertebrated Animals,' 1871, p. 271.
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The genera of Ornithosauria abovenoticed may be thus arranged.
The figure placed in a bracket after each name indicates the
number of species in the genus.
ORNITHOSAURIA.
I
Diartbri,
(2 phalanges to
wing flnger.)
14. Gen. Ornithopterns (1)
I
PTEROSAURIA.
(Jaws with teeth.]
I
,- --L--_-,
PrERANODONTIA.
(Jaws without teeth.)
12. Gen. Pteranodon (6) r
13. " Nycrodactylns (1) Tetrathri.
(4 phalanges to
wing finger.)
1. Gen. Pterodactylns (23)
2. " Oycuorhamphua (1)
3. " Ptenodracon (1)
4. " Scaphognathus (2)
5. " Dimorphodon (1)
6. " Rhamphorhynchus (4)
7. " Rhamphocephalus (3)
8. It Dorygnathns (1)
9. " Ornithoeheirus (40)
10. " Ornithostoma (1) (1= Pteranodon)
11. " Dermodactylus (1)
The more intimate knowledge of the structure of the skull and
brain in Pt erosauria which has been obtained by the discovery of
Scaph ognathus Purdoni leads one to inquire whether this knowledge
throws any fresh light on the relationship which the Pterodactyls
bear to birds and reptiles. Although the general appearance of a
Pterodactyl skull is very like that of a bird, it must be borne
in mind that the skull of a lizard is also similar to that of a bird,
DOt only in general appearance, but also in many points of structure,
and consequently this general resemblance cannot be taken as
indicating any closer relationship than exists between birds and
lizard s. Ou th e other hand, several of th e characters which
distinguish the skull s of lizards from those of birds are likewise
found in the pterodactyl skull. The form of th e back of th e
cranium and palate, the presence of a bony supra-temporal bar,
and of a pre-frontal bone, as well as the small proportionate size
of tbe brain-case, aye characters which show th e Pterodactyl skull
to be much more nearly allied to that of the lizard than to that of
the bird. On the other hand, the brain of the Pterodactyl is so very
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similar to that of Hesperornis, in the manner in which the cere-
bellum comes between the optic lobes and seems to reach the
cerebrum, that its affinities seem no less decidedly in the direction
of the birds. Pterodactyls, then, hold an intermediate position
between birds and lizards and cannot be held to be more nearly reo
lated to the one than to the other. Prof. Seeley arrived at very much
the same conclusion from the study of less satisfactory materials.
Can we, then, regard the Pterosauria as genetically intermediate
between birds and reptiles l Is it possible that birds have
descended from reptiles through the Pterodactyls? This does
not seem possible; but the facts seem rather to point to Aves,
Pterosauria, and Reptilia having been derived from some common
ancestral type.
It is a striking fact that in the endeavour to trace the origin of
the great groups of Vertebrata the possible period of their first
appearance becomes, with every new piece of evidence, pushed
further back in time. Forms which seem to be direct ancestors of
others, upon closer examination seem rather to point to a pre-exist-
ing common ancestor for both, and thus their probable origin
is made more remote. Reptiles closely resembling the crocodiles
(Stagonolepi.~), and lizards (Hyperodapedon and Telerpetony of
the present day were living in Triassic times, and the Pterosauria
have been traced back to the same period; it is therefore to the
Palseozoic Rocks we must look for their origin.
The earliest known bird, Al'ch((,o/ltCl'yX, is of Upper Jurassic age;
but if, as seems probable, birds, pterodactyls, and reptiles were
derived from a common ancestor, then it is to the Palseozoic Rocks
we are again led in our search for the origin of birds.
Prof. Marsh, in his work on the' Odcntornithes.w says: " For
the primal forms of the bird-type we must evidently look to the
Palseozoie ; and in the rich land fauna of our American Permian
we may yet hope to find the remains of both birds and mammals."
Although the remains of mammals in J urassic Rocks are very
few,yet they have been traced as far back as the 'I'rins ( illicl'olestes) ;
and it is therefore, as Prof. Huxley has said,t in the later Palseozoic
Rocks that we may expect to find the remains of the primitive
mammalian stock, the Hypothel'ia, a possible type with marc
sauropsidan affinities than the lowly Ornithorlnmclius.
If we now turn for a little to the work of biologists among
'" 'U.S. Geol. Expl. of the Fortieth Parallel,' p, 188, 1880.
r 'Proc. Zoo!. Soc.,' 1880, p. 658.
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recent animals, in this same investigation, we find their conclusions
pointing very much in the same direction.
Prof. W. K. Parker's developmental researches have led him to
conclude that the origin of Mammalia must be sought in the
Amphibia rather than in any higher type of vertebrate creature j
indeed, many of his illustrations, used for comparison with early
mammalian embryos, are taken from the still lower group of the
fishes, and he says'*' "If I am asked why I dive so far down for my
illustrations ins tead of being satisfied with what reptiles and
birds would show me, my answer is that those are often of no use
for comparison, for they are as thoroughly specialized for their
own mode of life as the Mammalia generally, and are as completely,
and often more completely, transformed from the original archaic
type or types."
With regard to the root-stock from which the birds have
descended, Prof. Parker has said in a paper recently read before
the Royal Society] regarding certain vestigial structures in the
hird's skull, " They are sufficient, I think, to satisfy any reasonable
person that Birds arose, by secular transformation, either from the
lowest and most ancient of the true Reptiles, or equally with Reptiles
from archaic Amphibia, low in structure, but full of potential
excellence, and ready, pro re nata, to become Reptile, Bird, or even
Mammal, as the case might be."
We have seen that mammals, reptiles, pterosaurians, and
probably birds, were distinct types of vertebrate life at the
beginning of the Mesozoic epoch, and that their origin from lower
forms, or their common ancestors, must be sought not later
than the end of the Palaeozoic epoch, that is not later than
the Permian or Carboniferous period. And further, it is highly
probable that these ancestors will be found among the Amphibia;
in the very group of animals, that is, which we know were
exceedingly abundant in later Palaeozoic times, and had already
become differentiated into many and varied forms, resembling
salamanders, crocodiles, and snakes.
Does not tbis, then, strengthen the conviction that each of these
groups-mammals, birds, pterosaurians, and reptiles-is derived
from a separate amphibian ancestor, and that the similarities and
differences traceable between these groups at the present day are
>II 'Phil. Trans.,' 1885, p. 274.
t 'Proc. Roy. Soo.,' Vol. 43, p. 402.
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the modified expression of the rela tions existing between the
Paleeozoic Amphibia.
But if th ese deductions be correct, we seem just as far off as
ever from th e common ancest ral type, for the question now arises,
whence came th ese Pale ozoic Amphibia? Are the various
Carboniferous form s as closely relat ed as we, by our nomenclature
and classification, seem to mak e th em? Were th ey really a group
deriv ed from some common amphibian ancestor?
Having pu sh ed the high er groups so far back, and finding them
still distinct , and not terminat ing , as we expected, in a common
prim it ive type, may it not be th at when these P alreozoic so-called
Amphibia are traced further back they also will be found to end,
not in one, but in a number of different so-called fish-forrus ?
And then! Where is thi s all to end ?
Such speculations as th ese may serve a good purpose in pointing
out possible directions of research ; but when one finds the go al so
continually receding one is led to ask whether thi s is indeed the
right road, or whether, in thi s "worship of ance stors," one has
strayed somewhat from th e path of t ruth. It becomes us to
take care les t thi s " primit ive type," which, like an ignis fa tuus,
lu res us on only to elude our g rasp, sho uld lead us away from the
solid path of scientific facts to plunge us into th e slough of un-
scientific imagination.
ORDINARY MEETING.
F RIDAY, J UNE 1 ST, 1888.
F. W. RUDLER, E sq., F.G.S., H on. Sec . A.I., President, in the
Chair.
Th e donations to the Library since th e previous meeting were
announced, and the t hanks of th e Association accorded to the
vari ous donors.
Mr. W. Greatheed was elect ed a Member of th e Asso ciat ion .
The following paper was then read :-' The Natural Hi story of
Gypsum,' by Mr. J. G. GOODCHILD, F.G.S., F.Z.S.
There were exhibited :-
Specimens of the vari ous forms of Gypsum, exhibited by Mr.
GOODCHILD, in illu stration of his paper; and Satin-spar and
Gypsum, from Durlstone Bay, Swanage, exhibited by Prof.
BOULGER, F .L.S., F. G. S.
